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(57) ABSTRACT 

The invention relates to a method and system for identifying 
and evaluating the responses of a patient to a neuropsychi 
atric disorder. Preferably, both physiological and behavioral 
responses are linked to molecular pro?ling data, i.e., data 
relating to the expression of a plurality of genes in tissues 
from the patient With these diseases. In one aspect, the 
invention provides a tissue information system comprising a 
specimen-linked database and an information management 
system for accessing, organiZing, and displaying tissue 
information obtained from tissue microarrays comprising 
samples from patients With neuropsychiatric disorders. 
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EVALUATING NEUROPSHYCHIATRIC DISEASES 
USING A SPECIMEN-LINKED DATABASE 

RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) to US. Serial No. 60/302,223, ?led Jun. 29, 2001. 
The entire teachings of the above application are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to microarrays comprising 
tissue samples from patients suffering from neuropsychiatric 
diseases and to a specimen-linked database for evaluating 
the same. 

BACKGROUND OF THE INVENTION 

[0003] Research into the biochemical basis of behavior 
has identi?ed a number of molecular pathWays Whose func 
tions are likely to be critical in normal psychological func 
tioning. For example, abnormalities in dopamine-based 
pathWays have been implicated in schiZoid behaviors (Blum 
et al., 1997, Mol. Psychiatry 2(3): 239-46), attention de?cit 
hyperactivity disorder (ADHD) (Sunohara et al., 2000, J. 
Am. Acad. ChildAa'olesc. Psychiatry 39(12): 1537-42; Barr 
et al., 2000, Am. J. Med. Genet. 96(3): 262-7), conduct 
disorder or aggression (Comings et al., 2000, Clin. Genet. 
58(1): 31-40), alcohol abuse (Blum et al, 1993, Alcohol 
10(1): 59-67), stuttering, mania (Wu et al., 1997, Neurore 
port. 8(3): 767-70; Nolan et al., 1983, J A?ect Disord. 5(2): 
91-6), sexual disorders (Hull et al., 1999, Behav. Brain. Res. 
105(1): 105-16), and obsessive compulsive disorder (OCD) 
(see, e.g., Comings et al., 1996, Am. J Med. Genet. 67(3): 
264-88). 
[0004] Despite the association of dopamine-pathWay 
genes (e.g., genes for dopamine synthesis, degradation, 
transporters, and receptors) With many neuropsychiatric 
disorders, the complexity of the dopamine pathWay has 
made the development of diagnostic markers and drug 
targets for these diseases problematic. There are ?ve knoWn 
dopamine receptors (D1, D2, D3, D4, and D5), all of Which 
are G Protein Coupled Receptors (GPCRs) Which transmit 
signals to GTP-binding G proteins located on the inner 
surface of cell membranes. D1 and D5 form a “D1-like” 
receptor group and bind to GS proteins, While D2, D3, and 
D4 receptors form a “D2-like” protein group and bind G1 or 
G0 proteins. Particular dopamine receptors have been asso 
ciated With speci?c disorders. For example, the D2 receptor 
has been associated With ADHD, Tourette’s Syndrome, 
conduct disorder, Post Traumatic Stress Syndrome and alco 
holism (Comings et al, 1996, supra) and signi?cant increases 
in dopamine D2 receptor density have been measured in 
individuals With detachment social isolation and lack of 
intimate friendships (Farde et al, 1997, Nature, 385(6617): 
590). Mutations in D4, in contrast, are associated With 
schiZophrenia (see, e.g., US. Pat. No. 6,203,998). 

[0005] Still other studies have implicated the involvement 
of combinations of dopamine receptors in certain neurop 
sychiatric disorders, such as substance abuse disorders (see, 
e.g., Comings et al., 1999, Moll. Psychiatry 4(5): 484-7) 
Where D2 and D3 receptors have both been implicated and 
in the psychoses experienced by some AlZheimer’s patients 
(see, e.g., SWeet et al., 1998,Arch Neural. 55(10): 1335-40) 

Feb. 13, 2003 

Where an involvement of D1, D2, and D3 has been shoWn. 
Additionally, because dopamine pathWay genes interact With 
other signaling pathWays such as the serotonin, norepineph 
rin, GABA, opioid, and cannabinoid pathWays, defects in 
one or more genes in any of these pathWays can produce 
similar symptoms (see, e.g., Comings et al., 2000, Prog. 
Brain Res. 126: 325-41). For example, schiZophrenia has 
been associated With biochemical abnormalities in the 
dopamine, GABA, glutamate, NMDA, and nicotinic recep 
tor systems (see, e.g., Pearlson et al., 2000, Ann. Neurol. 
48(4): 556-66). These studies demonstrate that neuropsy 
chiatric disorders are generally complex polygenic disorders 
With variable penetrance and environmental components 
(Lander and Schork, 1994, Science 265(5181): 2037-48). 
[0006] The sequencing of the human genome and the 
advance of high throughput techniques has made it possible 
to evaluate the expression of multiple RNA transcripts and 
polypeptides at a time, making it more feasible to apply a 
genome-Wide or proteome-Wide approach to the study of 
neuropsychiatric disorders. For example, John-ston-Wilson 
et al., 2000, Molecular Psychiatry 5: 142-149, report using 
a proteomic approach to compare over 200 proteins 
expressed in a large number of samples from schiZophrenics, 
identifying at least 8 proteins Whose expression is altered in 
these patients. HoWever, While these techniques readily 
identify differentially expressed genes, the generation of 
systematic approaches to analyZe the role these genes play 
in physiological responses have lagged behind. 

[0007] The use of “computational biology” or “bioinfor 
matics” to solve biological data analysis problems has 
developed as a Way to address this problem and database 
systems for gene expression monitoring have been described 
in the art. US. Pat. No. 6,185,561 describes a database 
model to facilitate molecular pro?ling or “data mining” of 
expression information from nucleic acid arrays. HoWever, 
the patent does not describe hoW to model interactions 
betWeen the products of expressed genes. 

[0008] Genomic and proteomic information relating to 
GPCRs, including neurotransmitters such as dopamine, have 
been collected and organiZed in a Web-based system, the 
GPCRDB Information System, Which can be accessed 
through the World Wide Web using the URL http://WWW.g 
pcr.org/7tm/. The GPCRDB system includes links to 
genomic databases, protein databases, drug databases, and 
various reference databases. The system includes sequence 
information, mutant data, and ligand binding constant infor 
mation and provides computational alignment tools, three 
dimensional models, phylogenetic trees and tWo dimen 
sional visualiZation tools. HoWever, the system does not link 
the various databases to clinical information. 

[0009] International Application WO 99/44062 describes 
methods for rapid molecular pro?ling of tissues or other 
cellular specimens. The publication describes correlating 
data obtained from tissue microarrays With clinical infor 
mation from patients and suggests the use of a database for 
analyZing and correlating different molecular characteristics 
of tissue samples. The publication does not describe hoW to 
use such a database to identify interactions betWeen multiple 
gene products. 

[0010] US. Pat. No. 5,980,096 describes a computer 
based system for modeling and simulating complex systems, 
but does not evaluate patient characteristics in this process. 
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SUMMARY OF THE INVENTION 

[0011] In one aspect, the invention provides an informa 
tion system, comprising a specimen-linked database com 
prising information about at least one microarray identi?ed 
by an identi?er, the microarray comprising one or more 
tissue or cell samples from at least one patient With a 
neuropsychiatric disorder. Preferably, the system also com 
prises at least one user device connectable to the netWork, 
for displaying an interface onto Which a user can input the 
identi?er, enabling the user to access the database. The 
tissue microarray generally comprises a plurality of sublo 
cations, each sublocation identi?able by coordinates. In one 
aspect, after the user has inputted the identi?er onto the 
interface displayed by the user device, the system displays 
another interface Which provides a plurality of selectable 
coordinates corresponding to the coordinates on said tissue 
microarray. Selection of a coordinate causes the system to 
display information about a tissue sample at the sublocation 
identi?ed by the coordinates. Preferably, each coordinate is 
associated With a link for linking a user to the database. 

[0012] In one aspect, When a user selects the link, an 
interface providing information categories is displayed, each 
information category associated With a link to a portion of 
the database comprising information relating to the infor 
mation category. In another aspect, after the user has input 
ted the identi?er, the system displays an interface on the 
display of the user device Which presents a representation of 
the tissue microarray. Preferably, the representation com 
prises images of tissues at different sublocations on the 
microarray. In one aspect, each image is associated With a 
link for linking a user to the database. In another aspect, after 
a user inputs the identi?er, an interface is displayed on the 
user device Which comprises one or more ?elds for inputting 
coordinates of a sublocation of a tissue microarray about 
Which the user desires access to information about. Prefer 
ably, after this inputting, the system displays an interface 
providing information categories relating to information 
available about a tissue sample at said sublocation. 

[0013] In a preferred aspect, the specimen-linked database 
comprises records relating to the physiological responses of 
a plurality of patients having neuropsychiatric disorders. 
The records preferably comprise gene expression data. Pref 
erably, this data comprises data relating to the expression of 
a plurality of pathWay biomolecules. For example, the 
pathWay biomolecules can comprise neurotransmitter recep 
tor signaling molecules. In one aspect, the neurotransmitter 
receptor is selected from the group consisting of an adreno 
receptor, a dopamine receptor, an opioid receptor, cannab 
inoid receptor, a muscarinic receptor, an NMDA receptor, an 
mGlu receptor, a GABA receptor, a serotonin receptor, and 
combinations thereof. In another aspect, the pathWay com 
prises a neurotransmitter, a neurotransmitter receptor, bio 
molecules involved in neurotransmitter synthesis, a neu 
rotransmitter transporter, a G protein, and a kinase. 
Preferably, information relating to samples on the microar 
ray is indexed in the database using one or more of 
SNOWMED codes, DSM-IV-TR codes, and ICD-9 codes. 

[0014] In one aspect, the neuropsychiatric disorder is 
classi?ed using DSM-IV criteria and preferably, records in 
the specimen-linked database are indexed according to the 
DSM-IV classi?cation of patients providing the information 
in these records. Information can be obtained from one or 
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more autopsy procedures and/or from living patients. In 
another aspect, the information system comprises records 
relating to the behavioral responses of a plurality of patients 
having neuropsychiatric disorders. These behavioral 
responses can include responses to a questionnaire and/or 
can be obtained from records of psychological evaluations 
of patients by health care Workers. The specimen-linked 
database preferably also comprises patient information (e. g., 
information relating to age, sex, medical history, family 
medical history, exposure to drugs, and the like). 

[0015] In one aspect, accessing the database provides 
information relating to one or more of diagnosis and treat 
ment. 

[0016] In another aspect, the invention provides a method 
for obtaining information relating to physiological responses 
of a patient suspected of having a neuropsychiatric disorder, 
comprising: providing a user With a microarray comprising 
tissues or cells from the patient, providing the user With an 
identi?er Which identi?es the microarray, providing the user 
With access to the system described above and displaying the 
interface onto Which the user can input the identi?er, and 
alloWing the user to input the identi?er, Wherein the system, 
in response to this inputting displays an interface providing 
information relating to the microarray identi?ed by the 
identi?er. Preferably, the system comprises an information 
management system comprising search and relationship 
determining functions. 

[0017] In one aspect, in response to inputting by the user, 
the system displays a neW information interface comprising 
one or more ?elds into Which a user can input information 

relating to the microarray. NeW information can include 
information relating to the expression of one or more 
neurotransmitter receptor pathWay biomolecules in samples 
on the microarray and/or patient information about patients 
Who supplied the samples. In one aspect, the neW informa 
tion relates to behavioral responses of the patient. In another 
aspect, the neW information is information relating to the 
expression of one or more neurally expressed genes in 
samples on said microarray. The neW information can also 
relate to the expression of one or more EST sequences in 
samples on the microarray. 

[0018] In one aspect, expression is determined by reacting 
the microarray With a molecular probe Which speci?cally 
binds to a biomolecule; for example, the probe can be a 
nucleic acid, an aptamer, an antibody, or combinations 
thereof. 

[0019] Preferably, the system used in the method further 
comprises an information management system comprising 
search and relationship determining functions and after 
inputting an identi?er identifying a microarray being evalu 
ated for expression of one or more biomolecules, the infor 
mation management system implements its relationship 
determining function to identify any relationship betWeen 
the expression of the one or more biomolecules and the 
neuropsychiatric disease. In one aspect, the relationship 
identi?ed is used to provide a diagnosis and/or treatment 
options to the patient. 

[0020] In one aspect, the invention also provides a method 
for identifying a molecular marker of a neuropsychiatric 
disorder. The method comprises the steps of: providing a 
microarray comprising neural samples from ?rst patients 
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having a neuropsychiatric disorder, the patients being diag 
nosed using a ?rst classi?cation system (e.g., such as DSM 
IV), providing neural samples from second patients on the 
same or a different microarray, the second patients not 
having the disorder but, preferably, sharing similar demo 
graphic characteristics as the ?rst patients, providing non 
neural samples from third patients having the neuropsychi 
atric disorder, the third patients being diagnosed using the 
same classi?cation system and, preferably, having similar 
demongraphic characteristics as the ?rst patients, and pro 
viding non-neural samples from fourth patients Without the 
disorder, the fourth patients, preferably, having similar 
demographic characteristics as the ?rst patients. The 
microarrays and non-neural samples are reacted With a 
molecular probe Which speci?cally binds to a biomolecule 
expressed in neural cells and the reactivity of the molecular 
probe With samples in the microarrays and the non-neural 
samples is determined. A biomolecule is identi?ed as a 
marker biomolecule if the biomolecule is differentially 
expressed in neural samples from patients having the neu 
ropsychiatric disorder compared to samples from patients 
Without the disorder and is also differentially expressed in 
the non-neural samples. 

[0021] Preferably, the neural samples from the ?rst and 
second patients are obtained from autopsies While the non 
neural samples are obtained from living patients. Preferably, 
non-neural samples are obtained from bodily ?uids. Like the 
neural samples, the non-neural samples can be arrayed on a 
substrate, thereby forming a microarray. In one aspect, 
microarrays used in the method are identi?ed by identi?ers 
and information relating to the expression of the biomol 
ecule is stored in the specimen-linked database described 
above. The method provides a Way to identify markers of 
neurological disease assayable in accessible tissues from the 
body of a living patient. 

[0022] In another aspect, the invention provides a microar 
ray comprising a plurality of tissue or cell samples, at least 
one of the samples being from a patient With a neuropsy 
chiatric disorder. The microarray is preferably identi?ed by 
an identi?er and information relating to samples on the 
microarray is stored Within the system described above, and 
is accessible to a user When the user enters the identi?er into 
an interface displayed by a user device of the system. 

[0023] In still another aspect, the invention provides a 
microarray comprising a plurality of tissue or cell samples, 
at least one of said samples being from a patient With a 
neuropsychiatric disorder, Wherein at least one of the 
samples is froZen. 

[0024] The invention further provides a method for obtain 
ing information about a sample in a microarray. The 
microarray comprises a plurality of samples, at least one of 
the samples being from a patient With a neuropsychiatric 
disorder. The method comprises the steps of: providing an 
interface on a display of a user device connectable to the 
netWork, displaying a plurality of selectable coordinates on 
the interface, each coordinate representing one of the 
samples in the microarray and each coordinate associated 
With a link for accessing a database, the database comprising 
information relating to the one of the samples in the microar 
ray; and alloWing a user to select a link associated With one 
of the coordinates, to thereby access the database and obtain 
information about the sample. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The objects and features of the invention can be 
better understood With reference to the folloWing detailed 
description and accompanying draWings. 

[0026] FIG. 1A shoWs a tissue microarray according to 
the present invention comprising a plurality of sublocations, 
each sublocation comprising a tissue sample Whose mor 
phological features can be distinguished under a micro 
scope. FIG. 1B shoWs a pro?le array substrate comprising 
a ?rst location for a test sample and a second location 
comprising a tissue micro array. 

[0027] FIGS. 2A-2C shoW an interface on a display of a 
user device connectable to a netWork Which displays infor 
mation relating to the biological characteristics of tissues at 
different sublocations in a tissue microarray. FIG. 2A shoWs 
an interface for addressing a neuropsychiatric disease 
microarray and for inputting neW information relating to the 
tissue samples in the microarray into a database. FIG. 2B 
shoWs a display of a portion of the database. FIG. 2C shoWs 
a display on the interface of the device Which displays 
relationships identi?ed betWeen psychiatric data and 
molecular pro?les obtained for tissue samples on the tissue 
microarray. 
[0028] FIG. 3 is a schematic diagram illustrating a system 
comprising a specimen-linked database and information 
management system according to one aspect of the inven 
tion. 

[0029] FIG. 4 shoWs an exemplary data table obtained 
using the system of the invention, in Which information 
about tissue specimens is cross-referenced to the database 
using ICD-9-CM and DSM-IV-TR codes, in one aspect of 
the invention. 

DETAILED DESCRIPTION 

[0030] The invention relates to a method and system for 
identifying and evaluating the responses of a patient to a 
neuropsychiatric disorder. Preferably, both physiological 
and behavioral responses are linked to molecular pro?ling 
data, i.e., data relating to the expression of a plurality of 
genes in tissues from the patient With these diseases. In one 
aspect, the invention provides a tissue information system 
comprising a specimen-linked database and an information 
management system for accessing, organiZing, and display 
ing tissue information obtained from tissue microarrays 
comprising samples from patients With neuropsychiatric 
disorders. De?nitions The folloWing de?nitions are provided 
for speci?c terms Which are used in the folloWing Written 
description. 
[0031] As used herein, the term “information about the 
patient” refers to any information knoWn about an individual 
(a human or non-human animal) from Whom a tissue sample 
Was obtained. The term “patient” does not necessarily imply 
that the individual has ever been hospitaliZed or received 
medical treatment prior to obtaining a tissue sample. The 
term “patient information” includes, but is not limited to, 
age, sex, Weight, height, ethnic background, occupation, 
environment, police records, family medical background, 
the patient’s oWn medical history (e.g., information pertain 
ing to prior diseases, diagnostic and prognostic test results, 
DSM-IV-TR classi?cation, psychological evaluations, drug 
exposure or exposure to other therapeutic agents, responses 
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to drug exposure or exposure to other therapeutic agents, 
results of treatment regimens, their success, or failure, 
history of alcoholism, drug or tobacco use, cause of death, 
and the like). The term “patient information” refers to 
information about a single individual. Information from 
multiple patients provides “demographic information,” 
de?ned as statistical information relating to populations of 
patients, organiZed by geographic area or other selection 
criteria, While “epidemiological information” is de?ned as 
information relating to the incidence of disease in popula 
tions. 

[0032] As used herein, the “similar demographic charac 
teristics” or “demographically matched”, refers to patients 
Who minimally share the same sex and belong to the same 
age grouping (e.g., are Within about 5 to ?fteen years of a 
selected age). Additional shared characteristics can be 
selected including, but not limited to, shared place of 
residence (e.g., Within a hundred mile radius of a particular 
location), shared occupation, shared history of illnesses, and 
the like. 

[0033] As de?ned herein, the term “information relating 
to” is information Which summariZes, reports, provides an 
account of, and/or communicates particular facts, and in 
some embodiments, includes information as to hoW facts 
Were obtained and/or analyZed. 

[0034] As used herein, the term, “in communication With” 
refers to the ability of a system or component of a system to 
receive input data from another system or component of a 
system and to provide an output in response to the input data. 
“Output” may be in the form of data or may be in the form 
of an action taken by the system or component of the system. 

[0035] As used herein, the term “provide” means to fur 
nish, supply, or to make available. 

[0036] As de?ned herein, a “tissue” is an aggregate of 
cells that perform a particular function in an organism. The 
term “tissue” as used herein refers to cellular material from 
a particular physiological region. The cells in a particular 
tissue may comprise several different cell types. A non 
limiting example of this Would be brain tissue that further 
comprises neurons and glial cells, as Well as capillary 
endothelial cells and blood cells. The term “tissue” also is 
intended to encompass a plurality of cells contained in a 
sublocation on the tissue microarray that may normally exist 
as independent or non-adherent cells in the organism, for 
example immune cells, or blood cells. The term is further 
intended to encompass cell lines and other sources of 
cellular material Which represent speci?c tissue types e.g., 
by virtue of expression of biomolecules characteristic of 
speci?c tissue types). 

[0037] As de?ned herein, a “molecular probe” is any 
detectable molecule, or is a molecule Which produces a 
detectable molecule upon reacting With a biological mol 
ecule. “Reacting” encompasses binding, labeling, or cata 
lyZing an enZymatic reaction. A “biological molecule” or 
“biomolecule” is any molecule Which is found in a cell or 
Within the body of an organism. 

[0038] As used herein, the term “biological characteristics 
of a tissue” refers to the phenotype and genotype of the 
tissue or cells Within a tissue, and includes tissue type, 
morphological features; the expression of biological mol 
ecules Within the tissue (e.g., such as the expression and 
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accumulation of RNA sequences, the expression and accu 
mulation of proteins (including the expression of their 
modi?ed, cleaved, or processed forms (active or inactive), 
and further including the expression and accumulation of 
enZymes, their substrates, products, and intermediates); and 
the expression and accumulation of metabolites, carbohy 
drates, lipids, and the like). A biological characteristic can 
also be the ability of a tissue to bind, incorporate, or respond 
to a drug or agent. “Biological characteristics of a tissue 
source” are the characteristics of the organism Which is the 
source of the tissue (e.g., such as the age, sex, and physi 
ological state of the organism) and encompasses patient 
information. 

[0039] As de?ned herein, “a diagnostic trait” is an iden 
tifying characteristic, or set of characteristics, Which in 
totality, are diagnostic. The term “trait” encompasses both 
biological characteristics and experiences (e.g., exposure to 
a drug, occupation, place of residence). In one embodiment, 
a trait is a marker for a particular cell type, such as a 

transformed, immortaliZed, pre-cancerous, or cancerous 
cell, or a state (e.g., a disease) and detection of the trait 
provides a reliable indicia that the sample comprises that cell 
type or state. Screening for an agent affecting a trait thus 
refers to identifying an agent Which can cause a detectable 
change or response in that trait Which is statistically signi? 
cant Within 95% con?dence levels. 

[0040] As used herein, the term “expression” refers to a 
level, form (Which may be active or inactive), or localiZation 
of a product. For example, “expression of a protein” refers 
to any or all of the level, form (e.g., presence, absence, or 
quantity of modi?cations, or cleavage or other processed 
products or allosteric conformations), or localiZation (e.g., 
subcellular and/or extracellular compartment) of the protein. 

[0041] A“disease or pathology” is a change in one or more 
biological characteristics that impairs normal functioning of 
a cell, tissue, and/or organism. A “pathological condition” 
encompasses a disease but also encompasses abnormal 
responses Which are not associated With any particular 
infectious organism or single genetic alteration in an indi 
vidual. For example, as de?ned herein, a stroke or an 
immune response occurring after transplantation of an 
organism Would be encompassed by the term “pathological 
condition.” 

[0042] As used herein, the term “difference in biological 
characteristics” refers to an increase or decrease in a mea 

surable expression of a given biological characteristic. A 
difference may be an increase or a decrease in a quantitative 
measure (e.g., amount of a protein or RNA encoding the 
protein) or a change in a qualitative measure (e.g., location 
of the protein). Where a difference is observed in a quanti 
tative measure, the difference according to the invention Will 
be at least about 10% greater or less than the level in a 
normal standard sample. Where a difference is an increase, 
the increase may be as much as about 20%, 30%, 50%, 70%, 
90%, 100% (2-fold) or more, up to and including about 
5-fold, 10-fold, 20-fold, 50-fold or more. Where a difference 
is a decrease, the decrease may be as much as about 20%, 
30%, 50%, 70%, 90%, 95%, 98%, 99% or even up to and 
including 100% (no speci?c protein or RNA present). It 
should be noted that even qualitative differences may be 
represented in quantitative terms if desired. For example, a 
change in the intracellular localiZation of a polypeptide may 
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be represented as a change in the percentage of cells 
showing the original localization. 

[0043] As de?ned herein, the “efficacy of a drug” or the 
“efficacy of a therapeutic agent” is de?ned as ability of the 
drug or therapeutic agent to restore the expression of diag 
nostic trait to values not signi?cantly different from normal 
(as determined by routine statistical methods, to Within 95% 
con?dence levels). 

[0044] As de?ned herein, “a tissue microarray” is a 
microarray that comprises a plurality of sublocations, each 
sublocation comprising tissue cells and/or extracellular 
materials from tissues, or cells typically in?ltrating tissues, 
Where the morphological features of the cells or extracellular 
materials at each sublocation are visible through micro 
scopic examination. The term “microarray” implies no 
upper limit on the siZe of the tissue sample on the array, but 
merely encompasses a plurality of tissue samples Which, in 
one embodiment, can be vieWed using a microscope. 

[0045] As de?ned herein, “a Whole body microarray” is a 
microarray comprising tissue and/or cell samples represent 
ing the Whole body of an organism. In one embodiment, the 
microarray comprises at least about ?ve different tissue 
samples from an organism, at least about ten different tissues 
from an organism, or at least about 20 different tissues from 
an organism. For example, in one embodiment, a Whole 
body microarray comprises at least about ?ve different 
tissues selected from the group consisting of brain tissue, 
cardiac tissue, liver tissue, pancreatic tissue, spleen tissue, 
stomach tissue, lung tissue, skin tissue, eye tissue, colon 
tissue, reproductive organ tissue, and kidney tissue. In 
preferred embodiments, a sample of a bodily ?uid is also 
included, such as a blood sample (Whole blood, serum, or 
plasma), lymph sample, and the like. 

[0046] As de?ned herein a “a sample” is a material 
suspected of comprising an analyte and includes a biological 
?uid, suspension, buffer, collection of cells, scraping, frag 
ment or slice of tissue. A biological ?uid includes blood, 
plasma, sputum, urine, cerebrospinal ?uid (CSF), lavages, 
and leukophoresis samples. 

[0047] The term “donor block” as used herein, refers to 
tissue embedded in an embedding matrix, from Which a 
tissue sample can be obtained and placed directly onto a 
slide or placed into a receptacle of a recipient block. 

[0048] The term “recipient bloc ” as used herein, refers to 
a block formed from an embedding matrix, having Which 
comprises a plurality of tissue samples; each tissue sample 
forming the source of a sublocation on a tissue microarray. 
The relative positions of tissue samples are maintained When 
the recipient block is sectioned, such that each section 
comprises sublocations at identical coordinates as any other 
section from the recipient block. 

[0049] As de?ned herein, a “nucleic acid microarray,” a 
“peptide microarray” or “small molecule” microarray refers 
to a plurality of nucleic acids, peptides, or small molecules, 
respectively, respectively that are immobiliZed on a sub 
strate in assigned (i.e., knoWn) locations on the substrate. 

[0050] As de?ned herein, a “database” is a collection of 
information or facts organiZed according to a data model 
Which determines Whether the data is ordered using linked 
?les, hierarchically, according to relational tables, or accord 
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ing to some other model determined by the system operator. 
The organiZation scheme that the database uses is not critical 
to performing the invention, so long as information Within 
the database is accessible to the user through an information 
management system. Data in the database are stored in a 
format consistent With an interpretation based on de?nitions 
established by the system operator (i.e., the system operator 
determines the ?elds Which are used to de?ne patient 
information, molecular pro?ling information, or another 
type of information category). As used herein, a “specimen 
linked database” is a database Which cross-references infor 
mation in the database to tissue specimens provided on one 
or more microarrays, and preferably using codes, such as 
SNOMED® codes, ICD-9 codes, and/or DSM-IV TR codes. 
As used herein a “subdatabase” is a portion of a database in 
Which records of a particular type are stored. 

[0051] As de?ned herein, “a system operator” is an indi 
vidual Who controls access to the database. 

[0052] As used herein, the term “information management 
system” refers to a system Which comprises a plurality of 
functions for accessing and managing information Within the 
database. Minimally, an information management system 
according to the invention comprises a search function, for 
locating information Within the database and for displaying 
a least a portion of this information to a user, and a 
relationship determining function, for identifying relation 
ships betWeen information or facts stored in the database. 

[0053] As de?ned herein, an “interface” or “user inter 
face” or “graphical user interface” is a display (comprising 
text and/or graphical information) displayed by the screen or 
monitor of a user device connectable to the netWork Which 
enables a user to interact With the database and information 
management system according to the invention. 

[0054] As used herein, the term “link” refers to a point 
and-click mechanism implemented on a user device con 
nectable to the netWork Which alloWs a vieWer to link (or 
jump) from one display or interface Where information is 
referred to (“a link source”), to other screen displays Where 
more information exists (a “link destination”). The term 
“link” encompasses both the display element that indicates 
that the information is available and a program Which ?nds 
the information (e.g., Within the database) and displays it 
one the destination screen. In one embodiment, a link is 
associated With text; hoWever, in other embodiments, links 
are associated With images or icons. In some embodiments, 
selecting a link (e.g., by right clicking using a mouse) Will 
cause a drop doWn menu to be displayed Which provides a 
user With the option of vieWing one of several interfaces. 
Links can also be provided in the form of action buttons, 
radiobuttons, check buttons and the like. 

[0055] As de?ned herein, a “broWser” is a program Which 
supports the displaying of documents, across a netWork. 
BroWsers enable accessing linked information over the 
Internet and other netWorks, as Well as from magnetic disk, 
CD-ROM, or other memory sources. 

[0056] The term “providing access to at least a portion of 
a database” as de?ned herein refers to making information 
in the database available to user(s) through a visual or 
auditory means of communication. 

[0057] As used herein, “through a visual means of com 
munication” includes displaying or providing Written text, 
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image(s), or a combination of Written and graphical infor 
mation to a user of the database. 

[0058] As used herein, “through an auditory means of 
communication” refers to providing the user With taped 
audio information, or access to another user Who can com 
munication the information through speech or sign lan 
guage. Written and/or graphical information can be commu 
nicated through a printed report or electronically (e.g., 
through a display on the display of a computer or other 
processor, through email or other electronic messaging 
systems, through a Wireless communications device, via 
facsimile, and the like). Access can be unrestricted or 
restricted to speci?c subdatabases Within the database. 

[0059] As used herein, “pathWay molecules” or “pathWay 
biomolecules” are molecules involved in the same pathWay 
and Whose accumulation and/or activity and/or form (i.e., 
referred to collectively as the “expression” of a molecule) is 
dependent on other pathWay molecules, or Whose accumu 
lation and/or activity and/or form affects the accumulation 
and/or activity or form of other pathWay target molecules. 
For example, a “neurotransmitter receptor pathWay mol 
ecule” is a molecule Whose expression is affected by the 
interaction of a neurotransmitter receptor(e.g., such as a 
dopamine receptor) and its cognate ligand (e.g., such as 
dopamine). Thus, a neurotransmitter receptor itself is a 
neurotransmitter receptor pathWay molecule, as is its ligand, 
as are second messenger molecules Which are activated or 

inhibited When the receptor binds to its ligand. An “early 
pathWay molecule” is a molecule Whose expression is 
required for the expression of at least about ?ve other genes, 
While a “late pathWay” molecule is a molecule Whose 
expression or activation is required for the expression or 
activation of about tWo or feWer other genes. PathWays can 
be further divided into subpathWays; thus, a dopamine 
pathWay can be subdivided into a D1 pathWay, a D2 path 
Way, a D3 pathWay, a D4 pathWay, and a D5 pathWay based 
on the types of dopamine receptors being evaluated. Path 
Way molecules can also include gene products involved in 
synthesis, degradation, transport (e.g., uptake) of other mol 
ecules in the pathWay. 

[0060] As used herein, a “physiological response” refers 
to a change in one or more functions of a cell, tissue, organ, 
or a plurality of the foregoing in the body of an organism. 

[0061] Additional de?nitions may be found in US. patent 
application Ser. No. 09/781,016 “Specimen-Linked Data 
base” ?led Feb. 9, 2001, the entirety of Which is incorpo 
rated by reference herein. 

[0062] Microarrays 
[0063] As shoWn in FIG. 1A, microarrays 13 according to 
the invention comprise a plurality of sublocations 13s, each 
sublocation comprising a tissue/cell sample having at least 
one knoWn biological characteristic (e.g., such as tissue 
type). In one embodiment, the sample at at least one sub 
location 13s has substantially intact morphological features 
Which at least can be vieWed under a microscope to distin 
guish subcellular features (e.g., such as a nucleus, an intact 
cell membrane, organelles, and/or other cytological fea 
tures), i.e., the sample is not lysed. 

[0064] In one aspect of the invention, the microarray 
comprises a substrate 43 to facilitate handling of the 
microarray 13 through a variety of molecular procedures. As 
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used herein, “molecular procedure” refers to contact With a 
test reagent or molecular probe such as an antibody, nucleic 
acid probe, enZyme, chromagen, label, and the like. In one 
embodiment, a molecular procedure comprises a plurality of 
hybridiZations, incubations, ?xation steps, changes of tem 
perature (from —4° C. to 100° C.), exposures to solvents, 
and/or Wash steps. Suitable substrates are described in US. 
patent application Ser. No. 09/781,016 “Specimen-Linked 
Database” ?led Feb. 9, 2001. 

[0065] In another aspect, the substrate 43 is designed to 
accommodate a control microarray (e.g., comprising 
samples Whose reactivity With at least one molecular probe 
is knoWn) and a test tissue or cell sample for comparison 
With the control microarray. As shoWn in FIG. 1B, such a 
“pro?le microarray e substrate”43 comprises a ?rst location 
43a for placing a test sample and a second sublocation 43b 
comprising the microarray 13. The pro?le microarray sub 
strate 43 alloWs testing of a test tissue sample to be done 
simultaneously With the testing of samples on the microarray 
13. This enables a side-by-side comparison of biological 
characteristics expressed in the test sample With the char 
acteristics of the tissues/cells in the microarray 13. Pro?le 
microarray substrates 43 are disclosed in US. Provisional 
Application Serial No. 60/234,493, ?led Sep. 22, 2000, the 
entirety of Which is incorporated by reference herein. 

[0066] Sources of Tissue 

[0067] Tissue samples can be obtained as sections, slices, 
or fragments of tissues or can be obtained from suspensions 
of cells obtained from tissues (e.g., a suspension of minced 
brain cells, spinal cord tissue, and the like). Cells also can 
also be obtained from mucosal tissues, e.g., from nasal 
sWabs, buccal scrapings, or pap smears, as Well as from 
bodily ?uids, for example, plasma, serum, saliva, and the 
like, or from procedures such as bronchial lavages, amnio 
centesis procedures or leukophoresis. In some aspects, cells 
are cultured ?rst prior to being embedded to expand a 
population of cells being analyZed. Cells from continuously 
groWing cell lines can also be used as Well as cells Which are 
puri?ed (e.g., ?oW sorted, or collected by density gradient 
centrifugation to be enriched for one cell type). 

[0068] Tissues at individual sublocations 13s can be 
obtained from cadavers or patients Who have recently died 
(e.g., from autopsies), and/or from surgical specimens, 
pathology specimens, from “clinical Waste” tissue that 
Would normally be discarded from other procedures. 

[0069] Preferably, the microarray 13 comprises at least 
one neural tissue sample, such as a brain tissue sample 
and/or spinal cord tissue sample. These are generally 
obtained from autopsies or surgical and other pathology 
procedures (e.g., biopsies, and the like). In one aspect, the 
microarray 13 comprises tissues representative of the Whole 
body of a patient (e.g., tissues from at least about ?ve 
different organs, and preferably at least about ten different 
organs from a patient). 

[0070] Preferably, these patients represent individuals 
Who have been diagnosed using DSM-IV-TR criteria as 
having one or more neuropsychiatric disorders. Neuropsy 
chiatric disorders encompassed Within the scope of the 
invention include, but are not limited to, mental retardation, 
a learning disorder, a motor skills disorder, a communication 
disorder, a pervasive developmental disorder (e.g., autism, 
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childhood disintegrative disorder, Rett’s disorder), attention 
de?cit and disruptive behavior disorders, eating disorders, 
tic disorders, elimination disorders (encopresis, enurisis), 
selective mutism, separation anxiety disorder, reactive 
attachment disorder of infancy or early childhood, delirium, 
dementia, amnestic disorders, cognitive disorders, catatonic 
disorder, personality change disorder, substance dependence 
or other substance induced disorders (e.g., a drug or alcohol 
abuse related disorder), schiZophrenia (e.g., catatonic, dis 
organized, paranoid, residual, undifferentiated), schiZo 
phreniform disorder, delusional disorder, brief psychotic 
disorder, shared psychotic disorder, psychotic disorder due 
to a general medical condition (e.g., delusions, hallucina 
tions), a substance-induced psychotic disorder, mood epi 
sodes (major depressive episode, hypomanic episode, manic 
episode, mixed episode), depressive disorders, bipolar dis 
orders, acute stress disorder, agoraphobia, anxiety disorder, 
obsessive-compulsive disorder, panic disorder With or With 
out agoraphobia, postraumatic stress disorder, obsessive 
compulsive disorder, body dysmorphic disorder, conversion 
disorder, hypochondriasis, and other somatoform disorders, 
a dissociative disorder, a sexual or gender identity disorder, 
an eating disorder (e.g., anorexia, bulimia nervosa), a sleep 
disorder, kleptomania, pyromania, pathological gambling, 
intermittent explosive disorder, and an Axis II personality 
disorder (each disorder as classi?ed using DSM-IV criteria). 
In some aspects, tissues are obtained from patients With a 
plurality of disorders. 

[0071] In one aspect, sets of microarrays 13 are provided 
representing multiple individuals With tissue specimens cov 
ering at least about 5, 10, 15, 20, 25, 30, 40, or at least about 
50 different disease categories, including, but not limited to, 
one or more of the DSM-IV categories identi?ed above. 

[0072] In one aspect, because of the desirability of evalu 
ating samples from patients receiving ongoing psychiatric 
treatment, samples are obtained from bodily ?uids or acces 
sible cells (e.g., from nasal or buccal sWabs) of living 
patients. As discussed in Chelly et al., 1989, Proc. Natl. 
Acad. Sci. USA 86(8): 2617-21 and US. Pat. No. 5,962,664, 
the entireties of Which are incorporated by reference herein, 
gene expression in accessible tissues Where a gene product 
does not have a direct impact on function can still serve to 
monitor gene function/physiological responses in inacces 
sible tissues Where these genes do function. 

[0073] In some aspects, microarrays are provided Which 
comprise tissue samples from patients suffering from a 
neurodegenerative disease Who additionally have also been 
diagnosed With a mood disorder or psychosis. Neurodegen 
erative diseases encompassed Within the scope of the inven 
tion encompass chronic neurodegenerative diseases, includ 
ing, but not limited to: AIDS dementia complex, 
demyelinating diseases, such as multiple sclerosis and acute 
transverse myelitis; extrapyramidal and cerebellar disorders’ 
such as lesions of the corticospinal system; disorders of the 
basal ganglia or cerebellar disorders; hyperkinetic move 
ment disorders such as Huntington’s Chorea and senile 
chorea; drug-induced movement disorders, such as those 
induced by drugs Which block CNS dopamine receptors; 
hypokinetic movement disorders, such as Parkinson’s dis 
ease; Progressive supra-nucleo Palsy; structural lesions of 
the cerebellum; spinocerebellar degenerations, such as spi 
nal ataxia, Friedreich’s ataxia, cerebellar cortical degenera 
tions, multiple systems degenerations (Mencel, Dejerine 
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Thomas, Shi-Drager, and Machado-Joseph); systemic 
disorders (Refsum’s disease, abetalipoprotemia, ataxia, 
telangiectasia, and mitochondrial multi-system disorder); 
demyelinating core disorders, such as multiple sclerosis, 
acute transverse myelitis; and disorders of the motor unit 
such as neurogenic muscular atrophies (anterior horn cell 
degeneration, such as amyotrophic lateral sclerosis, primary 
lateral sclerosis, infantile spinal muscular atrophy and juve 
nile spinal muscular atrophy); AlZheimer’s disease; DoWn’s 
Syndrome in middle age; Diffuse LeWy body disease; Senile 
Dementia of LeWy body type; Wernicke-Korsakoff syn 
drome; chronic alcoholism; CreutZfeldt-Jakob disease; Sub 
acute sclerosing panencephalitis Hallerrorden-SpatZ dis 
ease; and Dementia pugilistica, diabetic peripheral 
neuropathy. (see, e.g., BerkoW et al, eds., The Merck 
Manual, 16th edition, Merck and Co., RahWay, N.J., 1992, 
Which reference, and references cited therein, are entirely 
incorporated herein by reference). Acute neurodegenerative 
diseases are also encompassed Within the scope of the 
invention, such as conditions arising from stroke, cerebral 
ischemia resulting from surgery and epilepsy, as Well as 
hypoglycemia and trauma resulting in injury of the brain, 
peripheral nerves or spinal cord, and the like. 

[0074] The microarray 13 can comprise tissue samples 
from one or more patients Who have been exposed to a drug 
or agent (e.g., a toxin) or an environmental condition in 
addition to having a neuropsychiatric disorder. The patient 
also may have one or more underlying and/or concurrent 
diseases or pathological conditions. In one aspect, tissue 
samples are obtained from a plurality of patients having 
neuropsychiatric disorders Who share the same demographic 
characteristics (e.g., same age, gender, underlying disease 
conditions) but Who have been exposed to different doses of 
a drug or agent. In another aspect, samples are obtained from 
demographically matched patients Who have been exposed 
for varying periods of time to a drug or agent or environ 
mental condition. 

[0075] It is contemplated that for all of the above sce 
narios, tissues/cells (“control donor samples”) are also 
obtained from normal patients or from patients not having a 
neuropsychiatric disease but Who are otherWise demographi 
cally matched With patients having neuropsychiatric dis 
eases Who are supplying donor samples (“test donor 
samples”) for the microarrays (e.g., sharing the same under 
lying illnesses, and other characteristics such as age, sex, 
and the like), thereby providing control samples for the 
microarrays 13. Control donor samples can be provided on 
the same microarray as test donor samples or can be pro 
vided on separate microarrays. 

[0076] Although in a preferred embodiment of the inven 
tion, the microarrays 13 comprise human tissues and/or cell 
samples, in one aspect of the invention, tissues from other 
organisms are arrayed. For example, the microarray 13 can 
comprise tissues from non-human animals Which provide a 
model of a neuropsychiatric disorder or an aberrant behav 
ioral response (e.g., such as high levels of aggression). The 
microarray 13 preferably comprises multiple tissues from 
such a non-human animal. In some aspects, the animals 
providing donor samples have been exposed to a therapeutic 
agent for treating the disorder (e.g., drugs, antibodies, pro 
teins, genes, antisense molecules, riboZyymes, aptamers, 
combinations thereof, and the like). Thus, the microarrays 
13 can be used to examine dose responses of therapeutic 
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agents in animal models of neuropsychiatric disorders and 
the distribution of the therapeutic agent in multiple tissues, 
in addition to neural tissues, at different time points can be 
examined using these arrays. Examples of non-human ani 
mal models of neuropsychiatric diseases are provided in the 
table below. 

Neuro 
psychiatric 
Disorder Animal Model 

Learning Presenilin mutant mice (U.S. Pat. No. 6,020,143) 
Disorders 
ADHD Dopamine depleted rats (see, e.g., Shaywitz et al., 1976, 

Nature 261: 153-155; Shaywitz et al., 1976, Science 191: 
305-307, 1976) 

Eating Serotonin receptor de?cient animals (see, e.g., 
Disorders U.S. Pat. No. 5,698,766) 
Tourette’s Emerich et al., 1991, Pharmacol. Biochem. Behav. 38: 
Syndrome 875-880 
Dementia Partial or total loss of function ApoE mutants (see, e.g., 

U.S. Pat. No. 6,046,381); mice carrying amyloid precursor 
protein genes under the regulation of the platelet-derived 
growth factor beta receptor promoter element (Games et al., 
1995, Nature 373: 523-527); mice carrying Amyloid-beta 
genes under the control of neuro?lament-light gene 
promoters (LaFerla et al., 1995, Nat. Genet. 9: 41-47); 
transgenic mice expressing tau and tau phosphorylating 
proteins (see, e.g., U.S. Pat. No. 5,994,084) 

Amnesia Induced by BF lesions in mice (see, e.g., 
U.S. Pat. No. 5,494,917); induced by drug treatment (see, 
e.g., U.S. Pat. No. 4,816,481; U.S. Pat. No. 4,877,790) 

Substance Animal models of cocaine self-administration (Pickens et 
Abuse al., 1968, J. Pharm. and Experimental Therapeutics 161: 

122); Animal model for substance abuse-induced 
hemorrhagic stroke (U.S. Pat. No. 5,696,125); other 
models, Schuster et al., 1974, “The Use of Animal Models 
for the Study of Drug Abuse,” In: Research Advances in 
Alcohol and Drug Problems, Gibbens, et al. (Eds.), John 
Wiley and Sons, New York, Vol. 1, pp. 1-31; Johansen and 
Schuster, 1977, “Procedures for the Preclinical Assessment 
of Abuse Potential of Psychotropic Drugs in Animals,” In: 
Predicting Dependence Liability of Stimulant and 
Depressant Drugs, Travis Thompson and Klaus Unna 
(Eds.), University Park Press, Baltimore, pp. 203-229; 
Weeks, 1962, Science 138: 143-144; Altshuler et al., 1980, 
Life Sci. 26: 679-688; Goldberg et al., Science 214: 
573-575 (1981) 
Amphetamine models, Robinson et al., 1986, Psychol. Bull. 
88: 551-579; exposure to neurotoxins, 
U.S. Pat. No. 5,549,884; transgenic animals with modi?ed 
psychosis protecting protein, U.S. Pat. No. 5,962,664; 
others, Braff and Geyer, 1990, Arch. Gen. Psychiatry 47: 
181-188 
rats, U.S. Pat. No. 5,833,945; Albert et al., 1992, 
Neuroscience Biobehav. Rev. 15: 177-192; mice, Sadou 
et al., 1994, Science 265: 1875-1878; monkeys, Raleigh 
et al., 1991, Brain Research 559: 181-190; macaques, 
Botchin et al., 1993, Neuropsychopharmacology 9: 93-99; 
others, Sheard, 1977. “Animal Models of Aggressive 
behavior” In Animal Models in Psychiatry and Neurology, 
Pergamon Press Oxford, pp 247-257. 
reviewed in Willner, 1991 TiPS 12: 131-136; Willner, 
1990, Pharmac. Ther. 45: 425-455; and Uzunove et al., 
1990, Proc. Natl. Acad. Sci. USA 95: 3239-3244. 
reviewed in Heilig et al., 1989, Psychopharmacol. 98: 524; 
rats, Overstreet, 1993, Neurosci. Biobehav. Rev. 17(1): 
51-68 

Obsessive rat, Szechtman et al., 1999, Pol. J. Pharmacol. 51(1): 
Compulsive 55-61; dog, Rapoport et al., 1992, Arch. Gen. Psychiatry. 
Disorder 49(7): 517-21; others, Cohen et al., 2000, Eur Neuro 

psychopharmacol. 10(6): 429-35; Adamec, 1999, Physiol. 
Behav. 65(4—5):7 23-37, Pare et al., 1996, Biol. 
Psychiatry 39(9): 808-13 

Schizo 
phrenia 

Aggression 

Depression 

Anxiety 
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-continued 

Neuro 
psychiatric 
Disorder Animal Model 

Sleep FIV-infected cats, Prospero-Garcia et al., 1994, Proc. Natl. 
Disorder Acad. Sci. USA 91(26): 12947-51; rats, Szymusiak et al., 

1993, Brain Res. 629(1): 141-5; Vogel et al., 1990, 
Neurosci. Biobehav. Rev. 14(1):77—83; dogs, Faull et al., 
1982, Brain Res. 242(1): 137-43 

[0077] Non-human animals which are genetically engi 
neered to express altered doses of forms of neurally 
expressed genes are also encompassed within the scope of 
the invention and include, but are not limited to: transgenic 
mice, rats, swine, dogs, rabbits, non-human primates (e.g., 
such as monkeys), and the like. Methods for generating 
theses animals are known in the art. For example, methods 
of introducing transgenes into cells are described in U.S. Pat. 
No. 4,873,191; Palmiter and Brinster, 1986, Ann. Rev. 
Genet. 20: 465-499. Methods for generating transgenic mice 
are described in Jaenisch, 1988, Science 240: 1468-1474. 
Methods for generating transgenic rabbits, sheep, and pigs 
are described in Hammer et al., 1985, Nature 315: 680-683; 
Kumar et al., U.S. Pat. No. 5,922,854; and U.S. Pat. No. 
6,030,833. Methods of generating transgenic chickens are 
described in Salter et al., 1987, Virology 157: 236-240), 
while methods for generating transgenic monkeys are 
described in Vogel, 2001, Science 291(5502): 226. The 
entirety of these references are incorporated by reference 
herein. 

[0078] Tissues from a non-human animal genetically engi 
neered to over-express or under-express desired genes can 
be arrayed on microarrays 13. In one embodiment, a 
microarray 13 is provided comprising tissues from non 
human animals expressing different doses of a neurotrans 
mitter pathway gene. Nonlimiting examples of such animals 
are described in Drago et al., 1994, Proc. Nail. Acad. Sci. 
USA, 91(26): 12564-12568 (mice lacking D1A dopamine 
receptors); Calabresi et al., 1997,]. Neurosci. 17(12): 4536 
4544 (mice lacking D2 receptors); Silva et al., 1992, Science 
257(5067): 206-211 (mice lacking the adenosine A2a recep 
tor); Harris, 1995,Pr0c. Nail.Acaa'. Sci. USA 92: 3658-3662 
(mice lacking the gamma isoform of protein kinase C); 
DeVires et al., 1997, J. Neuroendocrinol. 9(5): 363-368; 
1997 (oxytocin knockout mice); Konig et al., 1996, Nature 
383(6600): 535-538 (mice de?cient in pre-proenkephalin); 
Rosahl et al., 1993, Cell 75(4): 661-70 (mice lacking syn 
apsin I); Lijam et al., 1997, Cell 90(5): 895-905 (mice 
lacking Dv11), Signorini et al., 1997, Proc. Natl. Acad. Sci. 
USA 94(3): 923-927 (mice lacking G protein coupled, 
inwardly rectifying K+ channel GIRK2); Aiba et al., 1994, 
Cell 79(2): 377-388 (mGluRl de?cient mice); Yokoi et al., 
1996, Science 273(5275): 645-647 (mGluR2 de?cient 
mice); Masu, 1995, Cell 80: 757-765 (mGluR6 de?cient 
mice); Jang et al., 2000, Brain Res. Mol. Brain Res. 78(1-2): 
204-206 (mice lacking the muopioid-receptor gene); and 
Cremer et al., 1994, Nature 367(6462): 455-559 (NCAM 
de?cient mice). The entirety of these references are incor 
porated by reference herein. 

[0079] In some aspects, a microarray 13 comprises 
samples from a plurality of cultured cells (e.g., from cell 
lines or primary cell cultures) which have been genetically 
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engineered to express altered doses of neurally expressed 
genes or modi?ed forms of such genes. In this embodiment, 
the cells can be either stably or transiently transfected cells. 

[0080] In still other aspects, the tissue microarray 13 
comprises tissues from different recombinant inbred strains 
of individuals (e.g., such as mice) Which differ at only one 
or a feW (less than ten) genetic loci (e.g., comprising 
different MHC alleles). In a further embodiment, tissues 
from humans comprising a characteriZed haplotype are 
arrayed (e.g., a particular grouping of HLA alleles). 

[0081] Construction of Microarrays 

[0082] In one aspect, microarrays 13 are generated by 
obtaining donor tissues from any of the donor samples 
described above, embedding these samples, and obtaining 
portions of the embedded samples for placement in a recipi 
ent block or a block of embedding matrix Which subse 
quently can be sectioned, each section being placed on any 
of the substrates described above. Recipient blocks can be 
stored inde?nitely (e.g., in a refrigerator or freeZer unit) for 
generation of microarrays 13. 

[0083] Embedding Samples: Forming Donor Blocks 

[0084] In one aspect of the invention, samples (e.g., cells 
or tissues) are obtained and either paraffin-embedded, plas 
tic-embedded, or froZen. Methods of ?xing tissue samples 
are described in US. Patent Application Serial No. 60/234, 
493, ?led Sep. 22, 2000, the entirety of Which is incorpo 
rated by reference herein. 

[0085] Cell samples can be obtained from suspensions of 
cells (e.g., cells suspended in a bodily ?uid, a cell culture 
medium, or a buffer) and/or can be puri?ed cells (e.g., ?oW 
sorted cells or ?coll hypaque collected cells) comprising at 
least about one cell and preferably at least about 50, at least 
about 102, 103, 104, 105, 106, 107, or at least about 108 cells. 
Cells can be embedded in cell blocks as is knoWn in the art 
and are preferably ?xed prior to embedding as described in 
US. Provisional Application Serial No. 60/234,493, ?led 
Sep. 22, 2000, for example. 

[0086] In one aspect, cells are deposited in a gel-forming 
medium, such as an algin medium, and the cell/gel combi 
nation can be enclosed in an enclosure such as a support Web 
or plastic block While the gel solidi?es. The cells and gel can 
be co-centrifuged together prior to being enclosed in the 
enclosure. Cells additionally, or alternatively, can be embed 
ded in paraf?n, plastic, or a cryogenic embedding media as 
is knoWn in the art. The generation of cell blocks is 
described in EP 408,225, US. Pat. No. 4,822,495, US. Pat. 
No. 5,137,710, US. Pat. No. 5,817,032, and US. Pat. No. 
4,656,047, the entireties of Which are incorporated by ref 
erence herein. After hardening, the cell donor block like the 
tissue donor block can be further processed as described 
beloW. 

[0087] Forming the Recipient Block 

[0088] In one embodiment, microarrays 13 according to 
the invention are constructed by coring holes in a recipient 
block comprising an embedding substance (e.g., paraf?n, 
plastic, or a cryogenic media) and placing a tissue sample or 
cell sample core from a donor block in a selected hole. Holes 
can be of any shape and siZe, but are preferably made in a 
regular pattern. In one embodiment of the invention, the hole 
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for receiving the sample is elongated in shape. In another 
embodiment, the hole is cylindrical in shape. 

[0089] While the order of the donor samples in the recipi 
ent block is not critical, in some embodiments, donor 
samples are spatially organiZed. For example, donor samples 
Within a microarray 13 Will be ordered into groups Which 
represent characteristics of the patients from Which the 
donor samples are derived. In one embodiment, the group 
ings are based on multiple patient parameters that can be 
reproducibly de?ned from the development of molecular 
disease pro?les. In another embodiment, donor samples are 
coded by genotype and/or phenotype (e.g., such as accord 
ing to a particular DSM-IV classi?cation). 

[0090] In some aspects, samples are obtained Which fail to 
express, or Which express altered levels or forms, of a 
pathWay molecule associated With a neuropsychiatric disor 
der. For example, recipient blocks can be generated by 
obtaining tissue samples from tissues Which fail to express 
early, middle and late neurotransmitter pathWay genes. As 
used herein, “early pathWay genes” are genes Whose expres 
sion effects the expression of multiple doWnstream genes (at 
least about 5), such that perturbing the expression of these 
genes Will effect multiple genes in the pathWay. “Middle 
pathWay genes” are genes Whose expression is required for 
the expression of at least about 2 but less than ?ve doWn 
stream genes, While “late genes” are those Which are doWn 
stream in the pathWay and Whose expression effects only one 
or a feW (e.g., less than about 2 pathWay molecules). 
Recipient blocks comprising tissues/cells having defects in 
the expression of early, middle and late pathWay genes can 
be generated by obtaining tissue sections of an embedded 
sample (e.g., a donor block), and subsequently coring the 
sample if it produces the desired pattern of expression. 
Recipient blocks are validated by obtaining representative 
section(s) of the block and reacting the sections With a 
plurality of molecular probes Which can react With early, 
mid, and late pathWay genes and their products (Which may 
include the expression products of other genes or various 
metabolites or cellular constituents). 

[0091] Samples on the microarray 13 can also be arranged 
according to expression of biomolecules, if this is knoWn, or 
according to characteristics of the source of the sample, 
including diagnosis (e.g., DSM-IV classi?cation) or prog 
nosis, exposure of the source of the sample to particular 
treatment approaches, treatment outcome, or according to 
any other scheme that facilitates the subsequent analysis of 
the samples and the data associated With them. 

[0092] The recipient block can be prepared While samples 
are being obtained from the donor block. HoWever, in one 
embodiment, the recipient block is prepared prior to obtain 
ing samples from the donor block, for example, by placing 
a fast-freeZing, cryo-embedding matrix in a container and 
freeZing the matrix so as to create a solid, froZen block. The 
embedding matrix can be froZen using a freeZing aerosol 
such as tetra?uorethane 2.2 or by any other methods knoWn 
in the art. The holes for holding samples can be produced by 
punching holes of substantially the same dimensions into the 
recipient block as those of the donor froZen samples and 
discarding the extra embedding matrix. 

[0093] Information regarding the coordinates of the hole 
into Which a sample is placed and the identity of the sample 
at that hole is recorded, effectively addressing each sublo 
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cation 13s on the microarray 13. In one aspect, data relating 
to one or more of tissue/cell type, morphology, expression of 
biological characteristics (e. g., expression of gene products), 
DSM-IV classi?cation and/or other diseases to Which the 
source of the tissue/cell has been exposed, such as concur 
rent or underlying illnesses, and other information regarding 
the source of the sample, are recorded and stored in a 
database, indexed according to the location of the sample on 
the microarray 13. Data can be recorded at the same time 
that the microarray 13 is formed, or prior to, or after, 
formation of the microarray 13. 

[0094] The coring process can be automated using core 
needles coupled to a motor or some other source of electrical 

or mechanical poWer. Methods for automating tissue array 
ing are described in US. Pat. No. 6,103,518, in International 
Applications WO 99/44062 and WO 99/44062, in US. 
patent application Ser. No. 09/779,753 entitled “Frozen 
Tissue Microarrayer,” ?led Feb. 8, 2001, and in US. patent 
application Ser. No. 09/779,187 entitled “Stylet For Use 
With Tissue Microarrayer and Molds,” ?led Feb. 8, 2001, 
the entireties of Which are incorporated by reference herein. 

[0095] In one aspect, the microarrays are “small format 
microarrays” Which comprise donor samples of about 0.6 
mm in diameter. Small format microarrays comprise at least 
about 10, at least about 50, at least about 200, at least about 
500, at least about 1000, or at least about 2000 samples 
arrayed on a single substrate. Large formats microarrays 13 
can also be provided comprising at least one sublocation 
greater in at least one diameter than about 0.6 mm, about 1.2 
mm and/or about 3.0 mm. Methods of constructing large 
format microarrays 13 are disclosed in US. patent applica 
tion Ser. No. 09/780,982, ?led Feb. 8, 2001, entitled, “Large 
Format Microarrays”, the entirety of Which is incorporated 
by reference herein. 

[0096] In general, large format microarrays comprise at 
least one sample comprising at least about tWo different cell 
types or at least one cell type and an extracellular material 
(e.g., at least tWo of proliferating cells, non-proliferating 
cells, stromal cells, extracellular matrix, myelin, neuro?bril 
lary tangles, necrotic cells, and apoptotic cells). Large 
format microarrays enable detection of the expression of 
heterogeneously expressed biological characteristics (e.g., 
such as gene products) Which are expressed in less than 
about 80% of cells, and preferably in less than about 50%, 
less than about 20%, less than about 10% or less than about 
1% of cells in a sample at a given sublocation 13s on a 
microarray 13. Generally, feWer than about 50 tissue 
samples are provided on a single substrate for a large format 
microarray. 

[0097] In some applications, such as Where a limiting 
amount of sample is available to be analyZed, an ultrasmall 
format microarray is generated comprising at least one tissue 
sample about 0.3 mm or smaller. Microarrays comprising 
tissue samples of varying siZes can also be provided (i.e., 
including at least tWo of any of large format, small format, 
and ultrasmall format tissue samples). Preferably, different 
siZes of tissue from the same tissue block are provided. Such 
microarrays can be used to validate that biomolecules 
detected in a large format microarray Will also be detectable 
in a small format or ultrasmall format microarray. 
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[0098] Tissue Information System for Evaluating Physi 
ological and Behavioral Responses 

[0099] The invention provides a tissue information system 
1 (shoWn in FIG. 3) for evaluating patient responses to 
neuropsychiatric diseases. The system 1 enables a user to 
access, organiZe, and display information stored in a speci 
men-linked database 5 Which includes information relating 
to samples arrayed on microarrays 13. Data Within the 
specimen-linked database 5 is indexed using identi?ers (e. g., 
such as alphanumeric characters) Which identify the tissue 
microarrays 13 and Which are provided to users of the 
system 1 to enable them to access the database 5. Preferably, 
the patient responses being evaluated include changes in the 
expression of a plurality of biological characteristics in 
response to a neuropsychiatric disorder. More preferably, the 
responses also include physiological responses and/or 
behavioral responses to a neuropsychiatric disorder. 

[0100] The tissue information system 1 comprises at least 
one user device 3 connected to a netWork 2. In one embodi 
ment, the netWork is Wide area netWork to Which the 
at least one user device 3 is directly connected. HoWever, in 
another embodiment, user device 3 is connected to a WAN 
indirectly through a local area netWork (e.g., via a proxy 

server). 
[0101] Because the user device 3 is connected to the 
netWork 2, individual steps of accessing, organiZing, and 
displaying can be performed on one, or a plurality, of user 
devices 3 at different physical locations. Thus, in one 
embodiment of the invention, one or more tissue microar 
rays are each screened at physically distant locations, for 
example, in different laboratories, hospitals, or companies, 
and the information obtained from the microarrays screened 
at each location is correlated With tissue information 
included Within the specimen-linked database 5. Multiple 
users can both access and add to information Within the 
database 5. 

[0102] Accessing the system 1 through the user device 3 
results in an interface 6 being displayed on a display of the 
device 3. The interface 6 comprises at least one link to the 
specimen-linked database 5 Which comprises tissue infor 
mation. In one embodiment, the database 5 is also coupled 
to an information management system (IMS) 7 Which com 
prises both search functions and relationship determining 
functions for presenting information to the user in a useable 
form (e.g., displayed on the device 3). 

[0103] The device 3 comprises a processor and further 
includes processor readable storage media or electronic 
memory that can be accessed by the processor. Processor 
media includes volatile and nonvolatile media, such as 
RAM, ROM, EPROM, ?ash memory, CD-ROM, digital 
versatile disks (DVD), optical storage media, cassettes, tape, 
discs, and the like. The device 3 can further include multi 
media rendering functions by including audio and video 
components (not shoWn). In one aspect, the device 3 also 
comprises an operating system (e.g., such as Microsoft 
WindoWs, UNIX X-WindoWs, or Apple Macintosh System) 
and one or more application programs, including an Internet 
or Web broWser, such as Microsoft’s Internet ExplorerTM, or 
Netscape® (see, as described in Internet Starter Kit by 
Adam Engst, CorWin LoW and Michael Simon, Second 
Edition, Hayden Books, 1995, the entirety of Which is 
incorporated by reference herein). 
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[0104] Web browsers enable a user of the user device 3 to 
click on portions of an interface 6 displayed on the display 
of a user device 3, triggering a response by the system 1. In 
one aspect, the response by the system 1 is to doWnload and 
display tissue information on the interface 6 or to provide 
links to sources of tissue information. In addition to broWs 
ers, other networking systems can be included in the tissue 
information system 1, such as routers, peer devices, com 
mon netWork nodes, modems, and the like. 

[0105] Suitable devices 3 connectable to the netWork 2 
Which are encompassed Within the scope of the invention, 
include, but are not limited to, computers, laptops, micro 
processors, Workstations, personal digital assistants (e.g., 
palm pilots), mainframes, Wireless devices, and combina 
tions thereof. In one embodiment, the device 3 comprises a 
text input element 8, such as a key board or touch pad, 
enabling the user to input information into the system 1. In 
another aspect, navigating devices 20 are coupled to the 
device 3 to alloW the user to navigate an interface 6. 
Navigating devices 20 include, but are not limited to, a 
mouse, light pen, track ball, joystick(s) or other pointing 
device. 

[0106] In one aspect, the system 1 comprises at least one 
server 4. The server 4 provides access to one or more data 

storage media such as hard disks or hard disk arrays. In one 
embodiment, the server 4 maintains the database 5 on one of 
these hard disks. In one embodiment, the server 4 comprises 
one or more applications, including the IMS 7, Which 
permits a user to access information Within the database 5, 
as Well as to implement programs for determining relation 
ships betWeen data in the database 5 and tissues on the 
microarray 13. In another aspect, another application pro 
gram is provided Which implements the search function of 
the IMS 7. In a further aspect, application programs Which 
retrieve records also perform user-de?ned operations on the 
records (e.g., such as creating folders in Which to store 
records of particular interest to a user). Applications pro 
grams ordinarily are Written in a general purpose host 
programming language, such as C<++>; hoWever, such 
programs can also include user-de?ned statements Written in 
a relational query language such as SQL. In some embodi 
ments, a Web application is provided Which includes execut 
able code necessary for the generation of SGL statements. 
The application can include con?guration ?les Which 
include pointers and addresses to the various softWare 
applications included Within the server as Well as to external 
and internal databases that must be accessed to service user 
requests. 

[0107] In further embodiments of the invention, the sys 
tem 1 comprises information out put modules 30 (e.g., 
printers) for outputting and reporting information from the 
database 5. The system can also comprise information input 
modules 31 (e.g., scanners), for receiving information from 
a user, such as scanned data. 

[0108] In still another embodiment of the invention, a 
molecular pro?ling system is provided Which is connectable 
to the device 3. In one embodiment, molecular pro?ling data 
is automatically inputted into the database 5, and a user 
accessing the system 1 has immediate access to this data. 
Molecular Pro?ling systems are described in Us. patent 
application Ser. No. 09/781,016, “Specimen-Linked Data 
base,” ?led Feb. 9, 2001. 
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[0109] Specimen-Linked Database 

[0110] Information Within the specimen-linked database 5 
is dynamic, being added to and re?ned as additional users 
access the database 5 through the system 1. In one embodi 
ment, inputted information at least comprises information 
relating to the analyses of the microarrays 13 described 
above and the database 5 organiZes this information accord 
ing to a data model. Data models are knoWn in the art and 
include ?at ?le models, indexed ?le models, netWork data 
models, hierarchical data models, and relational data mod 
els. Flat ?le models store data in records composed of ?elds 
and are dependent upon the particular applications compris 
ing the IMS 7, e.g., if the ?at ?le design is changed, the 
applications comprising the IMS 7 must also be modi?ed. 
Indexed ?le systems comprise ?xed-length records com 
posed of data ?elds and indexes Which group data ?elds 
according to categories. 

[0111] A netWork data model also comprises ?xed-length 
records composed of data ?elds Which are indexed accord 
ing to categories. HoWever, netWork data models provide 
record identi?ers and link ?elds to connect records together 
for faster access. NetWork data models further comprise 
pointer structures Which provides a shorthand means of 
identifying linked records. Hierarchical data models com 
prise ?xed-length records composed of data ?elds, indexes, 
record identi?ers, link ?elds, and pointer structures, but 
further represent the relationship of different records in a 
database in a tree structure. Hierarchical data models are 
described further in US. Pat. No. 5,980,096, the entirety of 
Which is incorporated by reference herein. 

[0112] In contrast, relational data models comprise tables 
comprising columns and roWs of data elements or attributes. 
Attributes provide information about the different facts 
stored Within the database 5. Columns Within the table 
comprise attributes of the same data type (e.g., in one 
embodiment, all information relating to patient X’s drug 
exposure), While each roW of the table represents a different 
relationship (e.g., roW one, representing dosage, roW tWo 
representing efficacy, roW three representing safety). As With 
netWork data models, and hierarchical data models, rela 
tional database models link related information Within the 
database. Any of the data models described above can be 
used to organiZe information Within the database 5 into 
information categories to facilitate access by a user of the 
tissue information system 1. In a preferred embodiment, a 
system operator, i.e., the user Who provides access to the 
tissue information system to other users, determines the 
parameters Which de?ne a particular information category 
recogniZed by a particular data model. 110 For example, in 
one embodiment, the system operator determines the ?elds 
that are used to de?ne the information category “drug 
exposure.” In this embodiment, the system operator may 
determine that these ?elds should include: “types of drugs to 
Which the patient Was exposed;”“frequency of exposure;” 
“dose at each exposure;”“physiological response to expo 
sure;”“tests used to measure physiological responses;”“mo 
lecular response to exposure;”“tests used to measure 
molecular responses,”“behavioral responses” and “tests 
used to measure behavioral responses,” and the like. Simi 
larly, the system operator may determine that ?elds Which 
de?ne the information category “medical history of a 
patient” should encompass all information obtained by 
health care Workers at any time during the patient’s life, as 








































